The general applicability of the Monod relationship between the logarithmic growth rate constant and substrate concentration was studied for heterogeneous populations metabolizing a variety of substrates including concentrated municipal sewage. It was found that growth could be described by the Monod Table 1 ) and aerated on a shaker apparatus (250-ml Erlenmeyer flasks, 90 oscillations per min, temperature 23 + 2 C). Daily, 5 ml of the cell suspension was transferred into 45 ml of fresh medium. After seven such transfers, a portion of the mixed culture was employed in growth rate studies. Using the remainder of the culture, the daily transfer procedure was continued for several weeks, and the growth rate experiment was repeated.
The general applicability of the Monod relationship between the logarithmic growth rate constant and substrate concentration was studied for heterogeneous populations metabolizing a variety of substrates including concentrated municipal sewage. It was found that growth could be described by the Monod equation, = A,,(s)7k8 + s. The kinetic "constants" for heterogeneous populations growing on concentrated sewage were comparable to those found with glucose as substrate.
One of the major uses of mixed microbial populations is in processes for the biological treatment of organic wastes. It has become increasingly important that the kinetic formulas used in the design of biological waste treatment facilities and in prediction of their operational characteristics be based upon controlled studies of microbial behavior rather than upon empirical rules. An equation which is of considerable importance in such applications is one describing the relationship between the logarithmic growth rate constant of the population and the substrate concentration. For pure cultures, the following equation was proposed by Monod (6) and was further developed and tested by Herbert et (3, 7) . Glucose was employed in these studies because it is readily used by many organisms and probably permits the maximum heterogeneity of species which can be obtained in a minimal medium. The Table 1 ) and aerated on a shaker apparatus (250-ml Erlenmeyer flasks, 90 oscillations per min, temperature 23 + 2 C). Daily, 5 ml of the cell suspension was transferred into 45 ml of fresh medium. After seven such transfers, a portion of the mixed culture was employed in growth rate studies. Using the remainder of the culture, the daily transfer procedure was continued for several weeks, and the growth rate experiment was repeated.
In the growth rate experiments, 2.5 ml of the cell suspension was placed in each of the growth flasks (250 ml, Erlenmeyer), and the volume was made up to 50 ml with growth medium containing various concentrations of the carbon source under study. The inorganic salt concentrations were those given in Table   1 , except that for substrate concentrations above 1,000 253 Table 2 . In general, hyperbolic curves were obtained in plots of ,u versus s for all experiments. In 7 of the 27 experiments the hyperbolic fit was questionable, but in each of these cases a continuous hyperbolic curve provided a better fit of the data than a straight line (see Fig. 1 Thus, it appears that the apparatus functioned properly and that the material stripped from the settled sewage under the conditions of evaporation was of such volatility that it could not be condensed in the cold flask and was forced from the system. Concentration studies at lower temperatures were conducted, but the time required to concentrate a 500-ml portion to 25 ml was sufficient to allow microbial growth and it was undesirable to add microbial inhibitors. Each 25 ml of concentrated sewage was filtered immediately through membrane filters, 0.45-/.m pore size, and the filtrates were pooled and stored at 0 C for use in a growth rate experiment. Thus, the sewage substrate consisted, not of all the organic components of sewage, but of the soluble organic portion minus the highly volatile material in the sewage. In any event, there should be no doubt about the complexity and heterogeneity of this substrate. The concentrate exhibited the characteristic odor of fresh sewage and the appearance of urine. It was slightly alkaline, pH 8.5. This material diluted to various concentrations (expressed as COD) in distilled water comprised the sole growth medium (i.e., no mineral salts or buffer was added). The pH remained at 8.5 during the growth experiments. The heterogeneous populations used as initial inocula in the growth experiments consisted of cells grown from random sewage samples through 3 to 5 serial, 24-hr transfers in the sewage medium.
Plots of ,u versus s for experiments run on sewage concentrated at 65 and 55 C are shown in Fig. 2 . The decrease in growth rate constant with high substrate concentrations (1,000 and 1,300 mg/liter COD, Fig. 2b) (3, 7) , and they are in general agreement with the other values obtained in the present study (see Table 2 ).
The agreement between values obtained with sewage and with some pure compounds, e.g., glucose, as substrates is perhaps not unpredictable since a simple medium may often be converted to a "complex" one by the accumulation of partially metabolized products (2) .
In general, based upon the massive amounts of data previously reported (3, 7) for heterogeneous populations using glucose as substrate, the experimental results presented here in which various single carbon sources were employed and, of even greater importance, those in which sewage medium was employed, it is concluded that the hyperbolic function can be employed to describe the relation between growth kinetics and substrate concentration for systems which may be heterogeneous with respect to both species of microbe and carbon sources. Clearly, the kinetic constants g,,, and k. cannot be considered as precise values for systems in which species predomination is subject to fluctuations and a usable range of values must be employed in depicting the behavior of the system.
